less. However, these satisfactory figures on the 4th to 6th day operations, albeit small, suggest that the interval may be shortened slightly providing there is no arterial spasm. In this regard, there is a significant number of cases where arterial spasm is not seen at first but where deterioration occurs toward the end of the week with severe spasm but without rebleeding. An operation on the 4th to 6th day in such a case would be disastrous. There may be a place for repeat angiography prior to such a venture.
The essentials of successful surgical treatment, therefore, are to operate when the brain can be made slack, preferably a week or more after bleeding, so as to avoid arterial spasm; to have the aneurysm defused with deep hypotension, soft and workable so that gentle, bold and accurate dissection may be carried out under magnification; this to be followed by an accurate occlusion of the sac by a clip or ligature, or, if this is impossible or unwise, by reinforcement of the wall with gauze or plastic, and finally postoperative angiography.
Although we are having increasing success in obliterating aneurysms in reasonably well patients, nearly 1 in 10 patients is lost from rebleeding in our unit during the delay to a safe period for operation. Further, a similar number deteriorate to a lower grade before operation, usually from rebleeding, which diminishes the chances of a successful procedure. It is still considered that this combined mortality of nearly 15% and the morbidity figures are very much better than would occur if all patients were operated upon immediately.
The Future
If it is true that the majority of patients have an initial warning leak, then it is an urgent matter that these episodes be recognized for what they are by physicians and that a state of emergency exists. Further, since the surgeon is forced to delay operation for a few days because of the danger of post-operative spasm, the patient is left at great risk from rebleeding. It is hoped that there will be an answer to arterial spasm soon.
In the meantime what is needed is a means to keep the patient safe from rebleeding for a week or two.
There is a great need for special units, 'subarachnoid hmmorrhage care units', to be developed regionally, where, after immediate transfer following recognition of a hemorrhage, intense medical effort might keep the patient hypotensive. Hopefully, an antifibrinolysin may prove of value in preventing the dissolution of the clot sealing the rent in the sac. Such measures may allow the surgeon to operate for the most part on brains that have not been torn apart by recurrent hemorrhage. We now have the surgical techniques to deal with the majority of saccular aneurysms. The state of the art is such that operations on good risk patients should carry a mortality in the neighbourhood of 5%. The quality of survival is also excellent for over 90% are able to return to a normal life. In other words, it should be expected that the good risk patient with a ruptured aneurysm would do well after craniotomy just as it would be anticipated that the patient with a bleeding peptic ulcer would do well after gastrectomy.
Perhaps the scope of these units should be broadened to harbour all those with impending or threatened strokes from other causes, for it has been said of stroke that there is nothing in the field of medicine to equal the disability and loss of human dignity.
Mr R H Shephard (Regional Department ofNeurosurgery and Neurology, Derbyshire Royal Infirmary, Derby DE] 2Q Y)
Ruptured Cerebral Aneurysms
The rational treatment of ruptured cerebral aneurysms is by operation. The techniques are based on the experience of the individual surgeon developing his methods over the years. Given a fairly basic technique, the results will be related increasingly to methods of selection of patients.
Case Material
Of 230 patients with intracranial himorrhage referred since January 1967, 138 had ruptured cerebral aneurysms of whom 105 (77%Y.) were operated upon (Table 1 ). It is apparent that there was no deliberate selection for operation accordingtosite.
Treatqxent and results must be related to the number of patients at risk. Therapy appliable only to a small proportion must be critically examined. Operative treatment is suitable for a high proportion of -patients and mortality and morbidity must be examined in this contest and the absnce of other definitive treatment. Somewhat higher mortality and morbidity figures are accptable for series with high operato rates. Cemiersly, with low operation rates, fators of sosein need stating clearly, and we should expoct lower mortality and morbidity and higher employment rates among the survivors. If the number of patients at risk is not stated, critical appraisal is increasingly difficult.
Types ofOperative Procedure Craniotomy was performed and, in most patients, direct procedures carried out on the aneurysms. AU otions were done by the author. Aneurysmal surgery has come into line with other major cranial procedures, so the operating theatre arrangements are just as routine as with, say, brain tumour cases.
The operations are done under full general anusteia, with controlled respiration, and hypotension during dissection of the aneurysm. Brain volume is reduced by intravenous mannitol, ventricular tapping and control of the respiration.
The heartbeat is monitored throughout, as is the temperature, and an attempt is made to maintain normothermic conditions. Induced hypothermia has not been used since 1963.
With the aneurysm exposed, clipping or wrapping procedures are employed. Wrapping is unsafe in hypertensive patients in whom even clipping should aim to include the whole aneurysm. The principal structures at risk are the perforating arteries, and infarction in these vascular territories is the principal cause of mortality and disabling hemiplegias. Middle cerebral aneurysms: Most arise at the trifurcation, 1 or 2 mm beyond the most lateral perforating arteries, so they are exposed from a point distal to the aneurysm after resecting a small part of the temporal lobe. The ddle cerebral trunk is dissected only immediately proximal to the aneurysm before application of the clip. Anterior communicating aneurysns: Most patients have had a direct procedure which combines distal and proximal approach to the aneurysm, along the pericallosal vessels and 'dominant' anterior cerebral arteries, i.e. that filling the aneurysm more readily on angiography. In some, conditions are more appropriate for approach from the opposite side. Through a frontal flap a small resection is made of the frontal lobe. The actual procedure employed depends on the local Mortality: Analysis ofDeaths In this analysis, causes for the deaths in the nonoperated and operated groups are e u . Only the earlier mortality will be discssed at this stage; that is, the mortality within two months of admission hemorrhage. Non-operation group: Of the 33 patients not operated on, there were 13 early deaths; one of these was due to the effects of a single mive hmmorrhage; twelve died after two or more h2moffhages.
The mean time between admission htmorrhages and recurrent fatal hinorrhags was 5 days. In 3 patients, severe headache from presumptive initial hxmoffhase occurred seeral weeks before the admission hamorrha. Delay in reference is often directly related to a 'good clinical state. There is usually little delay if -coma is present when little can, or should, be done anyway. We have here a most important clinical paradox, by no means generally understood, where the less affected the patient is by the initial hemorrhage the more urgent is the need for investigation and operation. The subject is in the best possible health to withstand angiography and major craniotomy. There may not be much time to carry out the three parts of the problemconfimation of htmorrhage, angiography and operation. The more time available for the neurosurgeon to put the last two in motion, the more likely he is to operate before the second aneurysmal rupture which may prove fatal or render the patient unfit for operation. Our results will improve if we are informed as soon after confirmatory lumbar puncture as is reasonable. Most aneurysms are discovered following rupture, with hemorrhage.
It follows that treatment can be started only after initial rupture and, so far, the only effective method of preventing further rupture is timely operation. Operation group: Of the 105 patients operated on 21 (20%) died. Fig 1 is a histogram relating the operation day to the last hemorrhage and the mortality. Of the 21 deaths 9 were due to causes which could not reasonably have been controlled by the surgeon. They were as follows: Rupture early in the operation 5, rupture of a second aneurysm soon after operation 1, anesthetic death 1, pulmonary embolism 2. Six of the 12 deaths which could have been controlled were due to errors in selection: Too ill 2, recent rupture 2, arterial spasm 3, hypertension 2, multiple lesions 1 (multiple factors account for the apparent disparity in the figures). In this group 2 patients had operations too soon after recurrent hemorrhage; both were late references. Hypertension adds to the risk of operation, but renders it more urgent, recurrent rupture being more frequent with raised blood pressure. Five deaths were due to surgical errors: incomplete clipping 1, wrap and not clip 1, clip and not wrap 1, perforating arteries in clip 1, anterior cerebral artery in clip 1. One death from perforated duodenal ulcer occurred in a patient on steroid therapy given to combat cerebral oedema. This group can only be assessed retrospectively because the procedure carried out at the time seemed to be correct in the circumstances of the operation.
Later deaths: Of the 20 survivors in the nonoperated group, 2 died from recurrence. In the operation group 3 patients have since died, one from primary cerebral hemorrhage and 2 from intercurrent infection in debilitated states. The In this series the chance of a patient with two or more hemorrhages surviving to operation was only 66%. There is, then, no compensating drop in mortality, this being the same as after single hemorrhages.
Disabilities and Employment
Of the 81 later survivors in the operation group, the follow up is complete in 77. Disabilities were rated as follows: No disability 45 cases, minor disability 12 cases, severe disability 10 cases, too recent for assessment 10 cases. Of the severe disabilities, 5 were mainly due to haemorrhage and 5 to operative complications. In aneurysmal surgery a disappointing number of neurological deficits appear some time (from a few hours to many days) after operation has been accomplished successfully. They are probably due to cerebral arterial spasm succeeded by permanent thrombotic occlusion. Employment: In operation survivors, a disability may improve for a long period of timemonths or years. Employment among the operation survivors is as follows: Full 44, partial 12, none or retired 11, too recent for assessment 10.
Future assessment will show improvement; most of the 10 survivors of recent operations will return to work and some others will return with lessening of the disabilities which at present render them unfit for employment. Fifty-six operation cases are gainfully employed, that is 73 % of survivors. Nine of the 18 survivors of the non-operation group are employed and the rate of employment in the whole group of 138 patients is 47 % and, in the 99 survivors, 70 %.
A somewhat useless exercise is comparison of disability and employment rates between patients having operation and those not treated. The natural disease, in fact, carries off so many patients that there are too few left, proportionally, for valid comparison with the operated series, from which about three-quarters of the patients remain alive. 
